Abstract Introduction: Areas of the brain that are associated with the vestibular system can be activated using galvanic vestibular stimulation. These areas can be studied through a combination of galvanic vestibular stimulation with functional magnetic resonance imaging (fMRI). In order to provide an appropriate sequence of galvanic stimulation synchronous with the MRI pulse sequence, a specific electronic device that was built and assessed is presented. Methods: The electronic project of the GVS is divided in analog and digital circuits. The analog circuits are mounted in an aluminum case, supplied by sealed batteries, and goes inside the MRI room near to the feet of the subject. The digital circuits are placed in the MRI control room. Those circuits communicate through each other by an optical fiber. Tests to verify the GVS-MRI compatibility were conducted. Silicone (in-house) and Ag/AgCl (commercial) electrodes were evaluated for maximum balance and minimal pain sensations. fMRI experiments were conducted in eight human volunteers. Results: GVS-MRI compatibility experiments demonstrate that the GVS did not interfere with the MRI scanner functionality and vice versa. The circular silicone electrode was considered the most suitable to apply the galvanic vestibular stimulation. The 1 Hz stimulation sinusoid frequency produced the biggest balance and the less pain sensations when compared to 2 Hz. The GVS was capable of eliciting activation in the precentral and postcentral gyri, in the central sulcus, in the supplementary motor area, in the middle and inferior frontal gyri, in the inferior parietal lobule, in the insula, in the superior temporal gyrus, in the middle cingulate cortex, and in the cerebellum.
Introduction
Galvanic vestibular stimulation has been used to study various human vestibular function, such as whole-body control, gait, gaze, balance (Day, 1999; Fitzpatrick et al., 1999) and to locate lesions in patients with clinical vestibular conditions, such as unilateral vestibular loss, canal block, and vestibular neuritis (MacDougall et al., 2005) . Also, it can be used in the evaluation of various problems related to sensorimotor dysfunction, as that experienced by astronauts upon returning from space (Moore et al., 2006 and for training simulations with future astronauts .
Areas of the brain that are associated with the vestibular system can be studied through a combination of galvanic vestibular stimulation with functional magnetic resonance imaging (fMRI) (Bense et al., 2001; Bucher et al., 1998; Eickhoff et al., 2006a; Fink et al., 2003; Lobel et al., 1998; Smith et al., 2012; Stephan et al., 2005) . However, the MRI scanner room is a hostile environment for any electronic device, because the high intensity static magnetic field, the magnetic gradients, and the radio frequency (RF) pulses can disrupt the normal functionality of any electronic equipment inside the scanner room. Also, an electronic device produces electromagnetic noises that can interfere with the proper functioning of the MRI scanner itself. Thus, a galvanic vestibular stimulator (GVS) that can be used with safely into the scanner room must be properly shielded, battery supplied, and the current stimulation periods must be precisely synchronized with the MRI pulse sequence.
Earlier fMRI galvanic vestibular stimulation studies can be found in the literature (Bense et al., 2001; Bucher et al., 1998; Eickhoff et al., 2006a; Fink et al., 2003; Lobel et al., 1998; Smith et al., 2012; Stephan et al., 2005) . However, none of them reported how to deal with the compatibility between the stimulator and the MRI system and neither of them Volume 30, Número 1, p. 70-82, 2014 evaluated the interference introduced in the images by the stimulator.
The aim of this study is to present a full GSV system designed for fMRI research. The main electronic circuits and the compatibility tests conducted to ensure the safety of the subjects and adequate functionality of the GVS inside the scanner room are presented. The results of a specific study were also presented to establish the most suitable electrode for the vestibular stimulation within the magnet scanner, namely, a pair of electrodes that produces the strongest balance sensation with minimum pain. Finally, to validate the proposed GVS, the results of GVS-fMRI experiments conducted using human volunteers are presented. To the best of our knowledge, this is the first study demonstrating the construction of a GVS that can be safely operated inside the MRI room. Figure 1 shows the two blocks of the proposed GVS: the Signal Generator and the Stimulator. These two blocks are interconnected through an optical fiber cable. They were designed to ensure that the digital (Signal Generator) and analog (Stimulator) circuits are separately mounted and powered. Digital electronic circuits produce high-frequency noises that interfere with the MRI signals. Therefore, these circuits must be placed outside the MRI scanner room. In Figure 1 , the analog circuits are located inside the scanner room and are mounted in a grounded shield box in order to avoid interferences from the MRI RF pulses and magnetic gradients, and also to minimize possible interferences that the analog circuits may cause at the MRI spin magnetization signals. The MRI Faraday cage avoids external electrical interferences in the spin signals. Therefore, it is not allowed to have electrical cable going through the cage wall, because it will act like an aerial, picking up external noises and bringing them to inside the cage. Thus, to connect the two blocks, an optical cable was employed.
Methods
The Signal Generator, Figure 1 , is connected to the universal serial bus (USB) port of the computer. Through it data are transferred and the electronic circuit is supplied. The electrical current waveforms, amplitude, frequency, working cycle, synchronization with the MRI pulse sequence are controlled by a software application that runs in the computer. The possible waveforms are square, sine, triangular, and saw-tooth. Once the signal is configured, a file with the waveform is transferred to the microcontroller of the Signal Generator, stored in its memory, and converted to an analog signal by the microcontroller digital-to-analog converter (DAC). This analog signal has its amplitude adjusted, converted into a light signal, and transmitted through an optical cable to the Stimulator that is placed inside the magnet room. The Signal Generator also needs an input signal to synchronize the MRI pulse sequence with the electrical current pulses. The General Electric (GE) MRI system provides a 5 V pulse in the beginning of every acquisition volume. The Signal Generator uses one of its microcontroller interrupt pin to count the volumes and proceed with the pre-arranged stimulation sequence. Figure 2a presents the current driver to control the IR-LED SFH400 light intensity. The light intensity must be proportional to the Signal Generator waveform, represented by V1. To convert V1 to current, we have used a modified version of the Howland current source (Pease, 2008) , where the load is the IR-LED. The transistor Q1 was used to increase the delivered electrical current through the light emitting diode (LED). V1 is applied at the noninverter input of the operational amplifier, since there is no symmetric power.
The electrical impedance between the cutaneous electrodes over the mastoid processes
In order to develop the Stimulator, it is necessary to estimate the electrical impedance between the electrodes placed over the mastoid processes, which are located of the temporal bones. For this we have used normal electrocardiogram (ECG) electrodes and the Frequency Response Analyzer, 1255 HF, from Solartron Analytical. The plot in Figure 3 indicates that for frequencies below 5 Hz, this impedance is around 14 kΩ. The frequencies used to stimulate the vestibular system are below 5 Hz (Latt et al., 2003; MacDougall et al., 2006) .
Galvanic current source
The Stimulator (Figure 1 ) generates a zero mean constant electric current adjustable up to 5 mA. The electrical current is generated by a Howland current source (Pease, 2008) . The current intensity is controlled by the optical signal intensity sent via the optical fiber by the Signal Generator that is placed in the MRI control room. The Howland current source is adopted in many biomedical applications (Pouliquen et al., 2008; Sooksood et al., 2010; Tucker et al., 2013; Zhao, 2011) . The main advantages of this current source are the need for only one operational amplifier, the possibility to provide alternate currents (AC) to the load, its high output impedance, and the load reference is grounded (Pouliquen et al., 2008) . The disadvantage of this configuration is that the resistors must be well matched to provide the highest impedance output (Tucker et al., 2013) . However, this disadvantage is minimized using precision resistors. Figure 2c shows the electrical circuit of the Howland current source. Considering R1 = R3, R2 = R4 and R5 = R6, the load current is determined by Equation 1.
In applications such as the GVS, where R 6 << R L (= 14 kΩ), the load voltage is the same as the operational amplifier maximum output voltage swing.
In Figure 2c , V1 is the output voltage of the light to voltage receiver circuit shown in Figure 2b . The photo diode SFH229FA receives light from the optical fiber and controls the current at the input of a current to voltage convertor. The second operational amplifier is used to adjust V1 offset.
In general, the current applied to stimulate the vestibular system in fMRI experiments is around 3 mA (Bucher et al., 1998; Eickhoff et al., 2006a; Fink et al., 2003) . In our experiments, the subjects reported a balance sensation with currents between 0.5 and 2.5 mA.
Thus, for a 14 kΩ impedance and a peak current of 3 mA, a power source of at least ±42 V, is necessary. To build a current source that can feed a constant current to a load of 14 kΩ we used the high output voltage operational amplifier OPA445 from Texas Instruments.
The Stimulator is supplied by two rechargeable 12V, 1.3Ah lead-acid batteries. Two Dickson voltage multiplier (Pylarinos, 2003) were used to multiply the ±12 V, and to power the OPA445 with ±42 V. Figure 2d shows the electrical circuit of the Dickson multiplier.
The output voltage
, where V D is the direct polarization of the diodes, V E is the 12 voltage from the battery and V S = V E . If two stages are considered, the output V S = 58 V. However, inside the MRI room no digital circuit is allowed. Thus, considering the same principle, instead of using square wave in the S1 and S2 inputs of the multipliers' input we used sine waves of 1 kHz. This option reduces the efficiency, since an extra stage was required to compensate it.
Safety circuits
The Safety circuit is an overcurrent detector that switches off the stimulation if for any reason the electrical current exceeds a certain threshold value. Figure 4a shows the Safety circuit in detail. The voltagedrop over the shunt resistor R S , connected in series with the patient (RL), is amplified by the differential amplifier. The output signal is then compared with a threshold of ±2.5 V, which corresponds to a maximum current of ±5 mA through R S . If one of these thresholds is exceeded, the output voltage of the comparator changes from +5 to -5 V switching on the safety relay. The contact NO1 is moved to C1, placing a short circuit in the electric current through the patient, avoiding any hazard to the subject. An LED indicates when the security system was triggered and needs to be manually reset. To reset the security system, the reset button must be pressed.
The stimulator and safety circuits are built with only analog circuits and are enclosed into a 10-mmthick aluminum box. The analog circuits are placed in the scanner room, without compromising the operation of both the MRI and the GVS itself. The Safety circuit is powered by two 9 V batteries.
The subject can also turn off the stimulation by releasing his hand from the Handy Switch (Figure 1 ). The Handy Switch is a plastic box that contains a pushbutton that is pressed through a nylon hemispherical cap that fits comfortable in the hand of the subject. This is very important because the subject has to stay for the whole fMRI experiment pressing the button, which may take up to 45 minutes. The Handy Switch is kept pressed by the weight of the hand which, during the fMRI experiments, is placed over the subject's abdomen of the subject. This procedure does not interfere with the tasks that the subject must perform or keep in mind during the fMRI experiment protocol, as the volunteers do not need to pay attention to the action of pressing the button. In general, an fMRI study must engage subjects in a set of experimental tasks. These tasks aim to manipulate a particular cognitive, emotional, or social process while the corresponding brain activations are recorded by the fMRI scanner. Thus, any additional task, even a mechanical movement in combination with the begging of the stimulation, could interfere with the final results. If, for any reason, pain or dizzy sensations are perceived, the reflex of pulling the hand releases the push-button. Once the push-button is released, the wires that connect the patient to the stimulator are short circuited, avoiding that the electrical current reaches the subject.
Because no digital circuit is allowed within the MRI scanner, an LED bar graph with 10 LEDs was used to visualize the electrical current amplitude that is applied to the subject during the fMRI experiment. The LEDs are switcheded on proportionally to the voltage drop in the shunt resistor, R S in Figure 4a . The currents induced in the wires by the MRI RF pulses and magnetic gradients are attenuated by the use of low-pass LC filters shown in Figure 4b . Two of these filters are placed along the wires that connect the Handy Switch to the electrodes. The cutoff frequency of the LC filters is in the order of 50 Hz, well below the Larmor frequency, even for systems with magnetic fields as low as 0.5 T, which is about 21 MHz. To minimize the induced currents from the RF pulses and magnetic gradients, the wires that connect the Handy Switch to the electrodes are twisted from the abdomen until the neck, where they are separated to reach the electrodes that are placed on each side of the head. Grounded shielded cable is used to connect the stimulator and the Handy Switch. The autonomy of the GVS with 12 V-1.3 Ah batteries is about 8 hours.
Software interface
The parameters of the galvanic current are controlled by the user based on a software interface running in the notebook where the Signal Generator is connected. The waveform shape, namely, sine, square, triangular, sawtooth, and no signal; its duration "on" or "off" (defined in seconds from 1 to 60 s, or in MRI volumes, from 1 to 250), its amplitude (0.1 to 3 mA, in increments of 0.1 mA), and its frequency (0.1 to 10 Hz, in increments of 0.1 Hz) can all be configured through the software interface.
GVS experiments on the MRI system
In order to verify the compatibility between the GVS and the MRI equipment several tests were conducted. A spherical phantom, with a diameter of 18 cm, Model 2152220, manufactured by General Electric (GE Healthcare, Waukesha, WI, USA) was used for such tests. Two silicone electrodes were fixed to the phantom surface in diametrically opposite directions, as it would be for an actual subject (placing them at the temporal bones) (Figure 5a ). The phantom was positioned in a Philips Intera Achieva TM 3.0 T scanner (Philips Healthcare, Andover, MA, USA). Because the surface of this phantom is made with no conductive material, the electrodes were short-circuited with a carbon wire of 1 mm diameter. Test conditions were: (1) without the presence of the GVS in the scanner room, for a baseline control reference; (2) with the GVS inside the magnet room but switched off; (3) with the GVS switched on with the current flow set to zero; (4) with the GVS switched on and a 5 Hz sinusoidal current flow with 5 mA peak, automatically synchronized with the fMRI sequence. The synchronization was done using the reference fMRI 5V pulse sent by the MRI hardware at the beginning of every volume acquisition.
The stimulator was placed at the end of the scanner table (subject's feet), Figure 5b = 80 × 80 voxels, slice thickness = 3 mm, 41 slices, SENSE 2.0. Three sessions, having one month of interval between them, were performed to assess the GVS repeatability. Assessment was performed both visually and quantitatively. Quantitative analysis used the signal-to-noise ratio (SNR) and the signalto-fluctuation-noise ratio (SFNR) computed using the methods described by Friedman and Glover (2006) .
Electrodes for the vestibular stimulation
The electrodes used to stimulate the vestibular system must be MRI compatible. Metal electrodes, even those that are not magnetic, cannot be used because they cause artifact in the MR images. The electrodes cannot be too small due to the transcutaneous electrical current density. Even though the pain thresholds do not scale directly with current intensity (Prausnitz, 1996) for higher electrical current values, the higher is the pain sensation. The electrodes cannot be too large, otherwise, they produce artifacts in the MRI images. The ideal size is to cover the mastoid process, located around the ear lobe.
Silicone rubber electrodes and Ag/AgCl (commercial) electrodes were tested to determine which one would elicit the strongest balance sensation with minimal pain sensation (heating or pinprick at the electrodes position). The Ag/AgCl electrode was the 3M Red Dot TM model 2269T with carbon pins. The silicone rubber electrodes were made with conductive silicone-carbon film with a resistance of 300Ω per cm 2 . These silicone electrodes were cut in three different sizes and shapes, as shown in Figure 6 . All evaluated electrodes were connected with carbon cables, which are transparent for the MRI magnetic field.
Five male adult healthy volunteers, who do not have any history of vestibular or auditory disorders (age range: 22-30 years old) participated in this study. Participants signed an informed consent approved by the local Ethics Committee. Subjects were lying supine, and the electrodes were tested in a random sequence. The stimulation consisted of applying a sine wave current, with 1 and 2 Hz. The effects of galvanic stimulation can be quite variable, depending on the exact position of the electrodes, the body position (upright or supine), and the skin resistance. Therefore, we asked to the subjects to control the amplitude current. They were asked to increase the current intensity until the balance or the pain sensation was far too uncomfortable. At the end of each experiment, subjects were asked to provide a scale value for balance and pain sensation (zero for complete absence and 10 for maximum imaginable sensation). To quantify pain measurements, the subjects answered the McGill pain questionnaire for each experiment (Pimenta and Teixeira, 1996) . Also, subjects answered three questions: (1) which electrode was considered more painful and which one was considered less painful; (2) which electrode produced the strongest and the weakest balance sensation; and (3) which electrode was considered to be more uncomfortable. All these tests were performed outside the MRI environment.
Statistical effect size analyses (Conboy, 2003) were performed to indicate the most suitable electrode. A weighted mean analysis was performed based on Cohen's d results. Five criteria were considered: (1) the current amplitude value in the beginning of balance (BB); (2) the current amplitude value in the beginning of pain (BP); (3) the current amplitude value for the maximum amplitude (MA); (4) the scale value for balance sensation (BS); and (5) the scale value for pain sensation (PS). BS and PS were multiplied by 5, BB and BP by 2, and MA by 1.
fMRI experiments
Participants: Eight nonsymptomatic healthy adult subjects (6 men and 2 women, ages ranging between 22 and 34 years old) with unknown neurological or psychiatric diseases took part in this study. Subjects were informed about the experiment and signed a written consent. Experiments were conducted with the approval of the local Ethics Committee. Scanning protocols: The images were acquired in a GE Signa HDx TM 1.5 T scanner (GE Healthcare, Waukesha, WI, USA). An EPI-BOLD (Blood Oxygen Level Dependent) sequence was used to produce 196 volumes, consisting of 31 axial slices (slice thickness: 4 mm, TR/TE: 2500/50 ms, flip angle: 90°, field-of-view: 192 mm, imaging matrix: 64 × 64). Also, a set of high-resolution images, T 1 weighted, was collected using a 3D gradient echo sequence (TR/TE: 9.0/3.0 ms, flip angle: 20°, imaging matrix: 256 × 256, field-of-view: 240 mm, slice thickness: 1 mm 3 , 176 slices). Stimulus and experimental design: Circular silicone electrodes ( Figure 6c) were placed over the mastoid processes of each subject. The local area was cleaned with alcohol 70% and a conductive gel solution was used in the electrodes. A cotton strip was firmly fixed around the head, holding the electrodes over the mastoid processes. The subjects lined supine in the scanner table. The Handy Switch was kept on the abdomen with the right hand over it during the entire experiment. The synchronization between the GVS and the MRI system was set in the manual mode. The GVS applied a sinusoidal waveform electrical current of 1 Hz. The current amplitude was adjusted manually according to the volunteer's pain and balance sensation (average value was 1.7 mA (RMS)). The protocol consisted of 19 blocks, starting and finishing with a resting period. The rest conditions (REST), without galvanic stimulation, were 30 s and the periods of stimulation (GVS) were 20 s. Subjects were instructed to maintain their eyes closed during all the experiment. Image analysis: fMRI data were analyzed using the SPM8 software (http://www.fil. ion.ucl.ac.uk/spm; Friston et al., 1995) . The first four functional volumes were discarded to make sure that a steady-state signal was reached. All volumes were then aligned to the first one of each scanning session, to correct for subject motion, and spatially normalized into the MNI (Montreal Neurological Institute) standard space. A spatial filter of 8 mm was also applied to decrease noise. The general linear model was used for statistical evaluation. Activated clusters were obtained by thresholding the statistical maps at p < 0.05 (with Family Wise Error (FWE) correction). Brain-activated regions were labeled using the SPM Anatomy Toolbox v1.8 (http://www2.fz-juelich.de/ inm/index.php?index=194; see Eickhoff et al., 2005 Eickhoff et al., , 2006b Eickhoff et al., , 2007 . Figure 7a and b shows the front and the back panels of the GVS. The Signal Generator, the Handy Switch and the circular silicone electrodes with the cables used to connect the GVS to the subject are shown in Figure 7c and d. All the stimulation parameters, such as: the current amplitude (0.1 to 5 mA), the signal frequency (0.1 to 10 Hz), the waveform shape (sine, square, triangular, sawtooth and no signal), are set using the notebook. The fMRI pulse sequences can be either automatically or manually synchronized with the electrical current pulses of the GVS. Table 1 presents the results of GVS-MRI compatibility experiments. These results demonstrate that in all experiments where the GVS was placed in the MRI scanner room there was a slight SNR decrease (9.10% in average) and there was no great variability in SFNR (3.63% in average) when compared to baseline condition. Visual inspection of the images did not indicate noticeable image artifacts associated with the presence of the GVS in the scanner room. The second experiment session indicated that there was no effective signal decline despite regular moves and disconnect-reconnect cables during the tests performed outside the MRI system. Figure 8a shows the percentage change (PC) between 1 and 2 Hz stimulation frequencies. The biggest increase and decrease of effect size analysis occurred in BB (PC = 30%) and BS (PC = -14%) criteria, respectively. BP showed a small increase (PC = 14%), MA a small decrease (PC = -6%) and PS a negligible change (PC = 1%). In Figure 8b the results of weighted mean, indicating the electrode III as the most efficient for 1 Hz stimulation (score = 0.40), are presented.
Results

Galvanic vestibular stimulator
GVS compatibility with the MRI system
Electrodes evaluation
The McGill questionnaire results, used to qualify the electrodes, indicated that 60% of subjects found electrode III as the most comfortable (i.e., 40% said it produced the biggest balance sensation and 60% reported less pain sensation) and 40% of subjects described a stronger pain sensation and weaker balance sensation when using electrode I. The McGill Pain Questionnaire demonstrates that 67% of the subjects chose 10 descriptors of 20 subgroups, in which the sensorial and affective subgroups were the most frequently chosen. The scores obtained for the Pain Index (M = 10.17 ± 2.98) and the Number of Descriptors (M = 17.08 ± 6.04) had a moderate pain classification.
fMRI data
The group analysis for the contrast GVS -REST showed significant activation over the precentral and postcentral gyri, in the central sulcus, in the supplementary motor area, in the middle and inferior frontal gyri, in the inferior parietal lobule, in the angular and the supramarginal gyri, in the insula, in the superior temporal gyrus, in the middle cingulate cortex, in the cerebellum, in the putamen and in the thalamus (Figure 9 ).
Discussion
In this paper a galvanic vestibular stimulator specially developed for fMRI experiments is presented. The GVS-MRI compatibility tests showed small differences in SNR and SFNR signals. However, these results were on the same order as the differences between baseline conditions. The SFNRs were less than the spatial variation over the region-of-interest (ROI), indicating a normal variability. These results show that the GVS does not have a noticeable impact on image quality. Also, the GVS functionality was not affected by the MRI RF pulses and magnetic gradients due to the 10 mm thickness aluminum shielded box and the shield cables used inside the scanner room. Also, the low-pass filters blocked the electrical current induced by the MRI system. The GVS did not interfere with the MRI scanner, demonstrating its full compatibility with the fMRI experiments. The GVS synchronization's trigger was able to follow the fMRI stimulation protocol. The comparison between 1 and 2 Hz galvanic stimulation frequencies indicates that the current amplitude in begging of balance and begging of pain criteria increased for 2 Hz. However, despite subjects tolerating higher current amplitude for 2 Hz, the stronger balance sensation and the least pain sensation were reported during 1 Hz (Figure 8a) . Thus, when considering the weighted mean analysis, the 1 Hz stimulation frequency was more efficient for electrode III (Figure 8b) . Moreover, 60% of subjects indicated electrode III as the most comfortable. For all these evidences, the 1 Hz stimulation frequency and electrode III were chosen to perform the fMRI experiments.
The McGill Pain Questionnaire suggests a moderate pain sensation for the galvanic vestibular stimulation. Nevertheless, for fMRI experiments, the pain sensation can be avoided by reducing the current intensity to a level that there is only the balance sensation. This adjustment was done by the subjects themselves before the beginning of each fMRI experiments.
The fMRI results showed activity in sensitive and motor areas, as the post and precentral gyrus, that could be related to vestibular projections to area 3a described in animals (Lobel et al., 1998) . Another region that showed activity was the inferior parietal lobule; this area belongs to the inner vestibular circuit described by Guldin and Grüsser (1998) . The area known as the parietoinsular vestibular cortex (PIVC) is considered a multisensory region, the neurons in this area respond not only to vestibular but also to various kinds of visual and somatosensory stimulations (Bucher et al., 1998) . These preliminary results showed significant activation over the major areas involved with multimodal functions of the vestibular system (Bense et al., 2001) and are in agreement with previous galvanic vestibular stimulation studies with fMRI (Eickhoff et al., 2006a; Fink et al., 2003; Smith et al., 2012; Stephan et al., 2005) . Also, the results showed here corroborate with a meta-analysis study that evaluate the statistical analysis of the localization of the human vestibular cortex in neuroimaging studies using caloric vestibular stimulation, galvanic vestibular stimulation and auditory stimulus (Lopez et al., 2012) .
Previous studies employed a galvanic stimulator in fMRI experiments (Bucher et al., 1998; Bense et al., 2001; Eickhoff et al., 2006a; Fink et al., 2003; Lobel et al., 1998; Smith et al., 2012; Stephan et al., 2005) . However, none of them described the specific electronics circuits that make it compatible with the MRI system. Therefore, the main contribution of this paper is the description of a galvanic stimulator that can be safely used inside the MRI scanner room.
The GVS developed could successfully activate the major areas involved with multimodal functions of the vestibular system, demonstrating its validity as a stimulator for neurovestibular research. To the best of our knowledge, this is the first publication that describes and demonstrates the development and the construction of a galvanic vestibular stimulator that can be safely used inside the MRI room.
